Abstract -The objective of this work was to verify if the induced resistance mechanism is responsible for the capacity of a phylloplane resident bacteria (Bacillus cereus), isolated from healthy tomato plants, to control several diseases of this crop. A strain of Pseudomonas syringae pv. tomato was used as the challenging pathogen. The absence of direct antibiosis of the antagonist against the pathogen, the significant increase in peroxidases activity in tomato plants exposed to the antagonist and then inoculated with the challenging pathogen, as well as the character of the protection, are evidences wich suggest that biocontrol efficiency presented by the antagonist in previous works might be due to induced systemic resistance (ISR).
Introduction
Systemic resistance to diseases in plants can be induced by abiotic or biotic elicitors (Heil, 2001) . Among biotic inducers of systemic resistance, plant growthpromoting rhizobacteria (PGPR) seems to be the best studied organisms, as they have been reported as the responsible for the systemic resistance (ISR) against plant pathogenic fungi (Jetiyanon et al., 2003) , bacteria (Silva et al., 2004) , nematodes (Kokalis et al., 2002) , and viruses (Murphy et al., 2003) .
Not much work was performed on the ability of prokaryotic phylloplane residents as promoters of biocontrol of plant diseases through ISR mechanisms. Bargabus et al. (2004) demonstrated that an isolate of Bacillus mycoides obtained from the sugarbeet phylloplane was able to control cercospora leaf spot (Cercospora beticola).
There are some criteria to be used as guidelines to clarify whether the observed protection brought about by a biocontrol agent results from a type of induced resistance. Steiner & Schönbeck (1995) stated that an elicitor of induced resistance is not expected to cause direct toxic effects on the pathogen. Another is that activities of some specific enzymes increases in plant tissues exposed to the alleged elicitor just after the inoculation with a challenging pathogen (Sticher et al., 1997) . Lipoxygenases (Porta & Rocha-Sosa, 2002 ), β-1,3-glucanases (Van Loon et al., 1994 , phenylalanine amonia-lyases (Sharan et al., 1998) , and polyphenoloxidases (Li & Steffens, 2002) are among these indicator enzymes of this so-called "induced state". Peroxidases (PO) are related to the hypersensitive responses (HR) (Martinez et al., 1998) , lignin and suberin syntheses (Quiroga et al., 2000) , and oxidation of phenolic compounds (van Huystee, 1987) . Another important aspect in ISR is that biotic non-pathogenic biocontrol agents in plants often induce resistance with characteristics of systemicity (Sticher et al., 1997) .
Halfeld-Vieira (2002) isolated 300 prokaryotic phylloplane residents from healthy tomato plants and tested each isolate as a candidate to control diseases of the aboveground tomato organs. The strain UFV-IEA6, Bacillus cereus, was considered the most promising among them. Results from greenhouse and field experiments suggested that this isolate acted indirectly rather than directly against several tomato pathogens. Besides, UFV-IEA6 protected tomato plants against multiple phylloplane diseases, a well-known feature of induced resistance .
This work was carried out to verify if the ISR mechanism is responsible for the capacity of a phylloplane resident bacteria (Bacillus cereus) to control several diseases of tomato.
Material and Methods
Experiments were carried out at the Laboratory of Plant Bacteriology and Biological Control, Department of Plant Pathology, Universidade Federal de Viçosa, Brazil. Santa Cruz 'Kada' tomato plants were established in sterilized soil in a greenhouse, under conditions of partially-controlled temperature and relative humidity.
The phylloplane resident bacteria UFV-IEA6 and the pathogen Pseudomonas syringae pv. tomato (Pst) were grown in medium 523 (Kado & Heskett, 1970) . Cultures of tomato pathogens were obtained from the collection of the Department of Plant Pathology, Universidade Federal de Viçosa. UFV-IEA6, identified as Bacillus cereus by fatty-acid analysis, was isolated from the phylloplane of healthy tomato, tested and selected as a control agent of tomato leaf diseases (Halfeld-Vieira, 2002; Halfeld-Vieira et al., 2004) .
To fulfill one of the criteria suggested by Steiner & Schönbeck (1995) , a claimed direct antibiosis against the challenging pathogen was the hypothesis tested by the overlay diffusion method, according to a procedure by Romeiro (2001) . From a liquid culture in the exponential growth phase a loop-full of the antagonist was transferred to 523 medium (Kado & Heskett, 1970) inside Petri dishes and kept for 24 hours at 25 o C. The antagonist was killed by one-hour exposure to chloroform vapors and, once the volatilization was over, one mm-thick overlay was produced when melted semisolid culture media (0.8% w v -1 agar, 48 o C), containing Pst cells at 10 µL per mL of melted culture medium was poured into each Petri dish. Bioassay plates were moved to an incubator at 25 o C and checked every day, for a whole week, for presence of inhibition haloes.
To colonize phylloplane, a UFV-IEA6 cell suspension in water, harvested in the exponential phase and adjusted for 0.3 of absorbance at 540 nm (OD 540 ) was sprayed on leaves and stems of 16 Santa Cruz 'Kada' tomato plants at the five fully-expanded leaf stage. As control, an equal number of 16 tomato plants was sprayed with water. Four days later, eight plants in the 16 UFV-IEA6-sprayed tomato plants were left with the antagonist only (no challenger), and the other eight inoculated with Pst, the challenging pathogen, with a cell suspension at OD 540 = 0.1, following the procedure described by Romeiro (2001) . When the typical bacterial speck symptoms appeared, about ten days later, 30 leaflets were harvested from each four groups of eight plants, wrapped up in aluminum foil and stored at -80 o C. Ten leaflets of each group consisted of one replicate. The four treatments consisted of plants sprayed with water only; plants exposed to the antagonist alone; plants sprayed with water and later inoculated with Pst; plants exposed to the antagonist and post-inoculated with Pst.
Leaf extracts were prepared by grinding frozen leaves in liquid nitrogen, with pestle in a mortar, and thorough mixing of the resulting powder with 50 mM, pH 6.5 sodium phosphate buffer, amended with 1% w v -1 polyvinilpirrolidone and 1 nM phenylmethyl-sulfonamide (PMSM), in the rate of 3 mL of extracting solution per gram of frozen leaves. Extracts were centrifuged at 20,000 g, for 25 min, at 4 o C, the supernatant collected and kept in an ice bath until use (Baracat-Pereira et al., 2001) . Peroxidases activities in leaf extracts were quantified according to Hammerschmidt et al. (1982) , readings taken at 470 nm, in an U-3000 Hitachi spectrophotometer, precisely 0.5 and 15.5 minutes after mixing reagents and extract. Results were expressed as absorbance units of PO mg -1 tissue min -1 . Statistical analysis was accomplished in the 8.00 SAS version, and the Tukey test was adopted to compare means.
UFV-IEA6 cells were collected in the exponential growth phase and the inoculum suspension set at 0.5 OD 540 was sprayed on a pair of top or bottom 45-day-old Santa Cruz 'Kada' tomato plants leaves. To accomplish it, each fully-expanded pair of leaves were involved separately in plastic bags, and into each of these a manual sprayer was introduced in such way that the antagonist cells could not fall on any of the remaining aerial plant parts. Once spraying was over, the device was carefully retrieved and the bag sealed. Initially treatments consisted of exposing the bottom leaf pair of each tomato plant to the antagonist and then applying the challenger only on the third leaf pair above ( Figure 1) ; secondly, the other way around, the plastic bags on the top-young leaf pair, and the challenger inoculated later only on the third leaf below. The plastic bags were maintained in place for four days to prevent spread to the adjacent leaves. Then the antagonistsprayed pair of leaves with plastic bags were cut at the base, near the stem, and discarded.
The unexposed, remaining plant parts were then inoculated with the challenging pathogen, Pst, with inoculum set at 0.2 OD 540 . Plants were kept for ten days in a growth chamber, at 26 o C, until typical symptoms became evident. The disease was quantified based on the lesions counts and results expressed as average number of lesions per leaflet. Ten replicates were adopted per treatment, and every treatment consisted of one plant. Statistical analysis was accomplished in the 8.00 SAS version, and the Tukey test was adopted to compare means.
Results and Discussion
No inhibition haloes were observed when the antagonist UFV-IEA6 (Bacillus cereus) was paired against the challenging pathogen Pst. This means that, within the overlay antibiosis bioassay limits, no direct antibiosis was exerted by UFV-IEA6 Bacillus cereus on Pst.
Plants inoculated with the challenging pathogen, previous exposed to the antagonist living cells, showed significantly higher levels of peroxidases (PO) in their tissues than those from other treatments (Figure 2 ) and this finding meets the information already available (Sticher et al., 1997) , which indicates that tomato plants exposed to the antagonist are in the induced state. The protection against the challenging pathogen due to previous exposure of tomato plants to live cells of the antagonist had characteristics of systemicity (Figure 3) . In this sense, unexposed but inoculated leaves in the top showed significantly less lesions after exposure of leaves in the bottom of the same plant. The same occurred after exposure of top leaf pairs and inoculation of unexposed bottom leaves.
Most works on biological control linked to induction of resistance have been accomplished with rhizobacteria (Van Loon et al., 1998a , 1998b and only a few papers deal with phylloplane residents. Halfeld-Vieira (2002) and Halfeld-Vieira et al. (2004) selected the isolate UFV-IEA6 of Bacillus cereus as a promising antagonist against tomato phylloplane pathogens. The author suggested the observed antagonism has a character of multiplicity, that is, the antagonist, under greenhouse and field conditions, changed a susceptible tomato into a resistant plant, and not only to an specific but to several distinct pathogens (Halfeld-Vieira, 2003; Halfeld-Vieira et al., 2004) . The results indicated that, instead of a Figure 1 . Scheme of the procedure to investigate systemicity of the protection in which a pair of leaves was exposed to the antagonist UFV-IEA6 and a third pair, either above or bellow it, was inoculated with the challenging pathogen Pseudomonas syringae pv. tomato (Pst), four days after exposure. biocontrol effected by direct antibiosis, one or more mechanisms of induced resistance had become operative.
Tomato plants were changed by UFV-IEA6 from susceptible into resistant ones. No direct antibiosis by the antagonist towards the challenger explains it and there were substantial increases in PO levels in tomato leaves challenged in post-inoculation by an active leaf pathogen. Such resistance was operative in leaves challenged by Pst away from the only leaf pair that received the antagonist, showing that induced resistance explains this data.
Results showed no direct toxic effects by UFV-IEA6 on the challenging pathogen, and this fulfills one of the rules established by Steiner & Schönbeck (1995) to distinguish induced resistance from other plant defense mechanisms. To Van Loon et al. (1998b) these are useful criteria when the sistemic acquired resistance (SAR) complexities are considered, in the rhizobacteriamediated ISR, for it is difficult to establish whether or not ISR is also involved in an antagonistic response, once it was demonstrated that the antagonist also releases a metabolite that directly inhibits pathogen. They emphasized that even when an antagonist is not present at the site of exposure, an antimicrobial substance could be synthesized by the biocontrol agent and transported through the plant, inhibiting the pathogen directly (Van Loon et al., 1998b) .
In this work, plants which received the challenging pathogen after exposure to the antagonist living cells showed significantly higher peroxidases (PO) levels in their tissues than those from other treatments (Figure 2 ). This finding is validated by previous reports (Sticher et al., 1997) , which demonstrated increases in this and other enzymes activities in association with the induced state. In fact, it is known that increased PO levels is an earlier event, detectable once the plant-pathogen interaction has begun (Cook et al., 1995; Harrison et al., 1995; Chittoor et al., 1997) . This phenomenon, called oxidative burst (Martinez et al., 1998) , leads to a quick synthesis of reactive oxygen derivatives that are involved in activities against pathogens (Wu et al., 1995) and in cell death (Adam et al., 1989) . For instance, when a phylloplane resident controlled Cercospora beticola in sugar beets, Bargabus et al. (2004) found that the oxidative burst is the main mechanism therein involved.
A third evidence that the antagonist UFV-IEA6 induces resistance in tomato is the systemicity of the protection observed (Figure 3 ). According to Steiner & Schönbeck (1995) , the observed resistance in the induced state must be expressed locally and systemically.
As emphasized by several researchers (Sticher et al., 1997; Van Loon et al., 1998b) , the induced resistance does not necessarily need to be systemic, but local protection, as a result of induced resistance, is difficult to verify experimentally.
A systemic response of the plant to an elicitor indicates that induced resistance is taking place. As Van Loon et al. (1998b) states, in SAR cases, a mobile signal is generated in the site of induction and translocated in the plant, bringing about an induced state in tissues, far from the site of exposure to the elicitor, while in situations of ISR induced by PGPR, the rhizobacterium is supposed to produce a translocable signal that induces protection in tissues far from the roots where the antagonist was delivered.
There are good evidences that the antagonist protected tomato plants by inducing resistance. This resistance presented systemicity according to the way the experiment was thought out, when a spatial separation between the microbial components of the interaction was carefully accomplished.
To distinguish SAR from ISR, Sticher et al. (1997) suggested some basic guidelines to look at, such as PRPs accumulation, found in SAR and absent in the ISR; signaling pathways, which are clearly distinct in both; visual alteration in plants, e.g. leaf lesions, which are seen in SAR, but not in the ISR; type of elicitor; and range of protection against multiple pathogens. One of Figure 3 . Disease severity expressed as average number of lesions per leaflet in tomato plants after inoculating Pseudomonas syringae pv. tomato in leaf pairs three leaf pairs above (AT, being WT the water control) and bellow (AB, being WB the water control) leaves exposed to the antagonist UFV-IEA6 (Bacillus cereus). Averages followed by the same letter do not differ statistically based on Tukey test (α = 0.05).
these ISR features, unspecific resistance, had already been met when, based on it and other criteria, HalfeldVieira (2002) and Halfeld-Vieira et al. (2004) selected UFV-IEA6 as promising biocontrol agent based on this and other criteria.
Moreover, concerning the UFV-IEA6-induced resistance, it is also known that UFV-IEA6 causes no lesions on 'Kada' tomato plants and, although surely a biological, it is not a phytopathogenic entity. Currently, no data are available for UFV-IEA6 on the kind of signal pathway generated and if indeed PRP's are not involved. Despite some controversy on terminology good evidences have been presented that UFV-IEA6 is an ISR-inducing antagonist.
Conclusions
1. The antagonist strain UFV-IEA6 have no direct antibiosis effect against Pseudomonas syringae pv. tomato.
2. Leaf tissues, exposed to Bacillus cereus and inoculated by P. syringae pv. tomato, present higher peroxidases (PO) activities.
3. The protection provided by the exposure of leaf tissues to the antagonist presents traits of systemicity.
